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IMAGE PICKUP DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates to an image pickup 

device and drive method thereof - 

Related Background Art 

Research and development of an image sensor called 

a CMOS type image sensor which reads out a 
10 photoelectric conversion signal not with a CCD (charge 

coupled device) but with a MOS transistor, are becoming 

active nowadays . 

This CMOS type image sensor is expected as an 

image sensor particularly for portable application 
15 because a CMOS logic LSI process can be used to 

fabricate the image sensor of such the type, a 

peripheral circuit can be integrated on a chip, and the 

CMOS type image sensor can be driven at a low voltage 

with a low power consumption. If a CMOS type image 
20 sensor is applied to technical fields requesting a high 

image quality, such as digital camera image pickup 

elements, it is necessary to provide some 

countermeasures against fixed pattern noises and random 
noises in order to obtain an image having a high S/N 
25 ratio. 

As such countermeasures, a noise eliminating 
method has been proposed as disclosed, for example, in 
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IEEE Journal of Solid-State Circuits, Vol. 32, No. 2, 
1997 (drawings of Fig. 6 of this paper are shown in 
Figs. 1A and IB). In a circuit for reading out 
photoelectric conversion charges shown in Fig. 1A, 
5 light incident upon a photo-gate PG of a photoelectric 
conversion unit generates electric charges which are 
transferred from the photo-gate PG to an amplifier unit 
MIN via a transfer unit TX. The selection unit MX and 
a load current source MLN are activated to operate the 
10 amplifier unit MIN as a source follower. The charges 
amplified by the amplifier unit MIN are accumulated in 
capacitors CS and CR as photoelectric conversion 
charges and noise components immediately after 
resetting, respectively, and output as VOUTS and VOUTR. 
15 The gate of the amplifier unit MIN has a floating 

diffusion FD gate region whose potential is reset by a 
reset unit MR to VDD when necessary. Switching 
transistors MSHS and MSHR are provided for transferring 
photoelectric conversion charges and noise components 
20 to the capacitors CS and CR respectively, during the 

operation of the source follower. Amplifier units MP1 , 
MY1 and MLP1 output the amplified signal components 
VOUTS, and amplifier units MP2, MY 2 and MLP2 output the 
amplified noise components VOUTR. The noise components 
25 VOUTR are thereafter subtracted from the signal 

components VOUTS to obtain the signal components from 
which the noise components are removed. 
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In this circuit; constructed as above, as shown in 
Fig. IB, after an input to the amplifier unit MIN is 
reset (after a gate signal R is changed to a low 
level ) , a gate signal SHR is applied to the gate of the 
5 switching transistor MSHR to turn on the switching 
transistor and read the noise components into the 
capacitor CR (during a period of a high level SHR). 
Thereafter, a low level signal is applied to the photo- 
gate PG which is a switch for controlling to transfer 

10 signal charges from the photodiode to the floating 

diffusion layer FD, and thereby charges remaining after 
the signal charges are read out to the FD are stored in 
the capacitor CS via the switching transistor MSHS. A 
difference (VOUTS - VOUTR) between two signals is 

15 finally output as the signal output. 

A CMOS type image sensor is basically manufactured 
by CMOS logic processes and driven at a lower voltage 
than that of CCD. It is therefore difficult to form a 
sufficient potential gradient between the photodiode 

20 and charge accumulation region when the signal charges 
are transferred. Pixels unable to realize a sufficient 
transfer operation may be manufactured in some cases 
because of variation in manufacture processes. In such 
cases, fixed pattern noises ( FPN ) are generated because 

25 of variation in residual image characteristics of solid 
state image pickup elements. Irregularity of light 
output response characteristics is therefore a problem 



to be solved, 

SUMMARY OF THE INVENTION 

It is an object of the invention to reduce fixed 
5 pattern noises (FPN) caused by variation in residual 
image characteristics of solid state image pickup 
devices generated in manufacture processes, to thereby 
reduce irregularity of light output response 
characteristics . 

10 In order to achieve the above object, according to 

an aspect of the present invention, there is provided 
an image pickup device comprising: pixels each 
including a photoelectric conversion unit and a 
transfer switch for transferring a photoelectric 

15 conversion signal generated by the photoelectric 

conversion unit; and driving means for applying a pulse 
to the transfer switch a plurality of times when the 
signal generated by the photoelectric conversion unit 
is transferred via the transfer switch. 

20 According to an another aspect of the present 

invention, there is provided a driving method for an 
image pickup device having pixels each including a 
photoelectric conversion unit and a transfer switch for 
transferring a photoelectric conversion signal 

2 5 generated by the photoelectric conversion unit, 

comprising a step of applying a pulse to the transfer 
switch a plurality of times when the signal generated 



by the photoelectric conversion unit is transferred via 
the transfer switch. 

Other objects and features of the invention will 
become more apparent from the following detailed 
description of embodiments when read in conjunction 
with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB are diagrams showing a circuit 
structure of a conventional solid state image pickup 
device and its drive pulse timings. 

Fig. 2 is a schematic circuit diagram of a solid 
state image pickup device according to a first 
embodiment of the invention. 

Fig. 3 is a timing chart of drive pulses used by 
the image pickup device of the first embodiment. 

Figs. 4A, 4B and 4C are diagrams showing outputs 
of the solid state image pickup device of the first 
embodiment driven by different methods. 

Fig. 5 is a schematic circuit diagram of a solid 
state image pickup device according to a second 
embodiment of the invention. 

Fig. 6 is a timing chart of drive pulses used by 
the image pickup device of the second embodiment. 

Fig. 7 is a block diagram showing an image pickup 
system according to a third embodiment, this system 
using the solid state image pickup device of the first 
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or second embodiment:. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present 
5 invention will be described in detail with referene to 
the accompanying drawings . 

A first embodiment of the invention will be 
described with reference to the accompanying drawings. 
Fig. 2 is a schematic circuit diagram of a solid state 

10 image pickup device according to the first embodiment 
o f the i nven t i on . 

Each pixel has a photodiode 1 in a photoelectric 
conversion unit, a charge accumulation unit FD which is 
a floating diffusion gate, a transfer switch 2 which is 

15 a switch unit, a reset switch 3, a pixel amplifier 4 

which is an amplifier unit, and a row select switch 5, 
which are interconnected as shown in Fig. 2. The 
charge accumulation unit FD converts light incident 
upon the photodiode 1 into photoelectric conversion 

20 charge signals and accumulates these charge signals. 

The transfer switch 2 controls a charge transfer from 
the photoelectric conversion unit to the charge 
accumulation unit FD. The reset switch 3 resets the 
potential at the floating diffusion gate to a power 

25 source voltage. The pixel amplifier 4 is applied with 
the potential at the charge accumulation unit FD as its 
gate input. The row select switch 5 selects a row upon 



reception of a row select pulse <|)SEL. 

Sequentially responding to the select pulse (1>SEL, 
a control pulse (j>TX and a reset pulse <|>RES, 
photoelectric conversion charges are read from each 
pixel to a vertical output line 6. Sequentially 
responding to a control signal and transfer pulses <t>TS 
and <|>TN supplied from a horizontal scanning circuit 12, 
noise components and signal components are stored in a 
line memory 11 and a difference between the noise and 
signal components is output. 

In the circuit shown in Fig. 2, when the row 
select switch 5 is turned on upon reception of the 
select pulse <|>SEL, a source follower circuit 
constituted of a load current source 7 and the pixel 
amplifier 4 becomes active, so that outputs of the 
selected row are transferred to a vertical output line 
6 and stored via transfer gates 8a and 8b into the line 
memory 11. The outputs temporarily stored in the line 
memory 11 are sequentially read out to an output unit 
under the control of the horizontal scanning circuit 
12. 

When the solid state image pickup device is driven 
by drive pulses shown in the timing chart of Figs. 3, 
it operates in the following manner. First, a vertical 
scanning circuit 10 supplies the select pulse (J>SEL of a 
high level when any one of rows is selected, and 
thereby the source follower circuit of this row is 
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turned on. Thereafter, the control pulse (j)TX of a high 
level is supplied to the transfer switch 2 
intermittently a plurality of times. Although the 
number of high level pulses is two as illustrated in 
Fig. 3, it is not limited only thereto but it may be 
increased more. Signal charges can therefore be 
transferred quickly from the photodiode 1 to the 
floating diffusion layer FD. Next, the control pulse 
<J>TS of a high level is supplied to the transfer gate 8a 
to store the photoelectric conversion output into the 
line memory 11. Thereafter, the reset pulse $RES is 
applied to reset the potential at the floating 
diffusion layer FD of the pixel amplifier 4, and the 
reset output of the pixel is stored in an another line 
memory 11 as a base noise after resetting. The reset 
output is subtracted from the photoelectric conversion 
charge output by a differential amplifier 13 so that 
fixed pattern noises caused by variation in pixel 
element characteristics can be eliminated. 

In Figs. 4A to 4C, the abscissa represents the 
number of horizontal pixels and the ordinate represents 
the signal output level of each pixel. Fig. 4A shows 
the pixel output level when the transfer pulse 4>TX is 
applied once, Fig. 4B shows the pixel output level when 
the transfer pulse <j)TX is applied twice, and Fig. 4C 
shows the pixel output level when the transfer pulse 
(|>TX is applied three times. The high level of the 



transfer pulse (J>TX was set to 3 V. Figs. 4A to 4C show 
a change in an output signal level with the number of 
transfer pulses (|)TX of the high level. It can be 
understood from Figs. 4A to 4C that irregularity of the 
bright signal outputs is improved as the number of 
transfer pulses (J)TX of the high level is increased. 
According to the experiments made by the inventors of 
the present invention, it has been confirmed that 
irregularity of the bright signal outputs is improved 
by applying a plurality of transfer pulses <J)TX more 
than by applying a single transfer pulse, even if the 
period of the high level of the pulses are the same in 
the both cases. 

In the second embodiment of the invention, a solid 
state image pickup device shown in Fig. 5 is driven by 
drive pulses shown in Fig. 6. 

Referring to Fig. 5, each pixel has a photodiode 
1, a transfer switch 2, a reset switch 3, a pixel 
amplifier 4 and a row select switch 5. The seond 
embodiment is different from the first embodiment in 
that the row select switch 5 is provided on the side of 
a vertical output line 6 to which photoelectric 
conversion charges are output from the pixel amplifier 
4. 

In the circuit shown in Fig. 5, when the row 
select switch 5 is turned on upon reception of the 
select pulse 4>SEL, a source follower circuit 
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constituted of a load current source 7 and the pixel 
amplifier 4 becomes active, so that outputs of the 
selected row are transferred to a vertical output line 
6 and stored via transfer gates 8a and 8b into a line 
memory 11. The outputs temporarily stored in the line 
memory 11 are sequentially read out to an output unit 
under the control of a horizontal scanning circuit 12. 

An operation of the second embodiment is different 
from the first embodiment in that the pixel amplifier 4 
has a broader operation range and thereby obtaining a 
broad dynamic range of a pixel output. Even at a power 
source voltage lower than the first embodiment, a pixel 
output of a high level can be obtained compared with 
the first embodiment. 

Fig. 6 is a timing chart of drive signals 
illustrating the operation of the solid state image 
pickup device shown in Fig. 5. First, a vertical 
scanning circuit 10 supplies a reset pulse (j)RES of a 
high level to reset the potential at the floating 
diffusion gate layer FD between the transfer switch 2 
and pixel amplifier 4, to a difference voltage between 
the gate voltage of the reset switch 3 and its 
threshold value voltage. Next, the select pulse <|)SEL 
of a high level is applied to activate the source 
follower. At the same time, a transfer pulse (|>TX of a 
high level is applied to a transfer gate 8b to store 
the reset output of the pixel in the line memory 11 as 
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a base noise level after resetting. Thereafter, a 
control pulse (])TX of a high level is supplied to the 
transfer switch 2 intermittently a plurality of times. 
Although the number of high level pulses is two as 
5 illustrated in Fig. 6, it may be increased more unless 
there are particular restrictions. Signal charges can 
therefore be transferred quickly from the photodiode 1 
to the floating diffusion gate layer FD. 

Subsequently, at the same time when the select 

10 pulse 4>SEL of the high level is applied, a control 

pulse <|)TS of a high level is applied to a transfer gate 
8a to store a photoelectric conversion charge signal 
from the pixel into the line memory 11. The reset 
output is subtracted from the photoelectric conversion 

15 charge output by a differential amplifier 13 so that 
fixed pattern noises caused by variation in pixel 
element characteristics can be eliminated. Thereafter, 
the vertical scanning circuit 10 selects the next pixel 
row and applies the reset pulse $RES of the high level 

20 to sequentially obtain the pixel output. 

In this embodiment, the order of reading the 
photoelectric conversion charge output and reset output 
is reversed from that of the first embodiment in order 
to calculate a difference between correlated signals 

2 5 and reduce the reset output noises. In a moving 

picture output operation of a solid state image pickup 
device using a method of reading correlated signals as 



in this embodiment, a period of transferring signal 
charges by applying a transfer pulse is generally in 
the order of several microseconds. However, with the 
driving method of the present invention, charges can be 
5 transferred quickly in a limited transfer period. 
The falling edge of the transfer pulse (|)TX is 
slanted to prevent charges from being returned to the 
photodiode when the transfer switch is turned off. 
Accordingly, in this embodiment, a photoelectric 

10 conversion charge signal of good noise characteristics 
from which not only fixed pattern noises but also 
random noises are reduced, can be obtained. 

As described above, according to the first and 
second embodiments, a signal transfer efficiency of a 

15 photodiode can be improved and a photoelectric 
conversion charge output having good noise 
characteristics can be obtained. Particularly, low 
power consumption and high image quality can be 
achieved by manufacturing solid state image pickup 

20 devices by using CMOS logic LSI processes. In the 

embodiments, the waveform of a pulse to be applied to 
each switching element is rectangular and triangular. 
The invention is not limited only to those pulse 
waveforms. The application field of the invention is 

25 not limited only to CMOS type image sensors, but the 
invention is applicable to general solid state image 
pickup devices . 
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A third embodiment will be detailed with reference 
to Fig. 7 , the third embodiment applying the solid 
state image pickup device of the first or second 
embodiment to an image pickup system such as a still 
image camera . 

In Fig, 7, a barrier 51 is used as a protector for 
a lens 52 and as a main switch for the image pickup 
system. The lens 52 focusses an optical image of an 
object onto a solid state image pickup device 54. An 
iris 53 changes the amount of light passing through the 
lens 52. The solid state image pickup device 54 picks 
up the object image focussed by the lens 52 as an image 
signal and may be the solid state image pickup device 
of either the first embodiment or the second 
embodiment. An image pickup signal processing circuit 
55 processes the image pickup signal output from the 
solid image pickup device 54. An A/D converter 56 
converts an analog image signal output from the solid 
state image pickup device 54 into a digital image 
signal. A signal processing unit 57 performs various 
correction operations and a compression operation on 
the image data output from the A/D converter 56. A 
timing generation unit 58 supplies various timing 
signals to the solid state image pickup device 54, 
image pickup signal processing circuit 55, A/D 
converter 56, and signal processing unit 57. A system 
control and operation unit 59 performs various 



operations to control the whole of the image pickup 
system. A memory unit 60 temporarily stores image 
data. An interface (I/F) unit 61 is used for data 
transfer to and from a recording medium 62. The 
5 recording medium 62 is a removable recording medium 
such as a semiconductor memory for image data 
read/write. An interface unit 63 is used for 
communications with an external computer or the like. 
Next, the image pickup operation of the image 

10 pickup system constructed as above will be described. 

When the barrier 51 is opened, a main power source 
is turned on, then a control system power source is 
turned on, and further an image pickup system power 
source for the A/D converter 56 and the like is turned 

15 on. In order to control the exposure amount, the 

system control and operation unit 59 opens the iris 53. 
A signal output from the solid state image pickup 
device 54 is converted by the A/D converter 56 and then 
input to the signal processing unit 57. 

20 In accordance with the output data of the signal 

processing unit 57, the system control and operation 
unit 59 calculates an exposure amount. A brightness is 
judged from this photometry and the system control and 
operation unit 59 controls the iris 52. 

25 Next, in accordance with the signal output from 

the solid state image pickup device 54, the system 
control and operation unit 59 extracts the high 
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frequency components of the signal and calculates a 
distance to the object. Thereafter, the lens is driven 
and it is judged whether an in- focus is obtained. If 
it is judged that an in- focus is not obtained, the lens 
5 is again driven to perform range finding. After the 

in- focus is established, a main exposure is performed. 

After the main exposure, the image signal output 
from the solid state image pickup device 54 is A/D 
converted by the A/D converter 56, and written in the 
10 memory unit 60 via the signal processing unit 57 under 
the control of the system control and operation unit 
59. 

The data stored in the memory unit 60 is recorded 
in the removable recording medium 62 such as a 

15 semiconductor memory via the interface unit 61 under 

the control of the system control and operation unit 
59. Image data may be input directly to a computer or 
the like via the external interface unit 63 and 
processed by the computer or the like. 

20 The solid state image pickup device 54, image 

pickup signal processing unit 55, A/D converter 56, 
signal processing unit 57, timing generation unit 58, 
system control and operation unit 59, memory unit 60 
and the like may be formed as separete semiconductor 

25 chips or as a single semiconductor chip manufactured 
by, for example, CMOS logic LSI processes. 

Many widely different embodiments of the present 
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invention may be constructed without departing from the 
spirit and scope of the present invention. It should 
be understood that the present invention is not limited 
to the specific embodiments described in the 
5 specification, except as defined in the appended 
claims . 



